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2, MATERIALS AND METHODS 
The tight junction (aonula occludens), a belt-like 
region of cantner on the apical pole of cpirhclial cck, 
serves as a barrier conrrolling the ptlracellular pnrhway 
of large molecules. On freeze-fracture plicas of fixed 
and glycerinated membranes right junctions appear as 
strands on chc protoplasmic face (PF) and as corrc- 
spending grooves on the cxoplasmic face (EF) [I], A 
r/ariety of experimental conditions have been reported 
to induct tight junctions in cultured cells or tissues, e.g. 
treatment with proteases [2-41, ammonium salts [5] or 
Triton X-100 [6], The human adenacarcinoma cell 
HT29 in culture virtually grows without tight junctions. 
After short trypsin treatment (l-2,5 mg/mi, 15 min, 
37°C) of adherent confluent cells grown on Petri dishes 
for 4-5 days the formation of tight junctions on 
50-60% of plasma membranes counted on frecze- 
fracture replicas has been found [3]. Possibly trypsin 
treattnent is an initial signal for the assembly of 
preformed structural elements of the junction, becsr;sc 
tight junction fortnation is not diminished by incuba- 
tion with protein synthesis inhibitors [7,8]. 
2. I I Cdl atlrrtrr 
MTZY colon carcinoma cells obtained from ATCC (HTR 31) were 
mainrained in cell culture as dcscribcd [‘r]. Ccllr were harvested RI 
rhcir 6th or 7th day of suhnrc by short trccllment with 0,25% EDNA, 
rcxued with their own mrdium and washed wirh phosphnrc~buffcrctl 
saline (PUS]. 
2.2 ‘ff.vpsitr rreartttetrr atrd abat-egarktr asmy. 
Cells (I .5x I@‘) were wspcndcd in I ml PBS cnntaining up to 025 
141: trypsin (Uoehringcr, Mannhcim, Gcrmnny; 110 U/m@ and in- 
cubated wirhin a pnsreur pipctra. Aygrcgalion of cells was mcasurcd 
by srqucnM pi\%Mgillg Of CClk through SCVCl3l gall7.C nets will1 R 
mesh width of 100 pm, 40 pm and IO /ml, rcspeclivcly, Due to their 
elnsticity single cells were found only in the filtrate. The number of 
cells retained by rhc nets or cotlcctcd from the filtrare was dc~ermincd 
by measuring Ihe protein content (Biorad, Miinchcn, Germany). An 
aggregation factor was calculated, which is helpful to condense the 
rcsulr into a single figure: 
Aggregation factor (AF) F (100 x protcinloo ,,,,, + 50 x prolcinJn ,,,,, 
4. 20 X protein10 ,,“, 4. IO X proteinril,,,,,,)/tolal protein 
.- _- 
Possible AF-values range from AF = IO. cquivnlent to 100°70 sin& 
cells, up to AF = 100, which would mean that 100% of the cells were 
retained by the 100 em net [9]. Viability of cells remained constant 
during the incubation period as shown by determination of lactate- 
dchydrogcnasc (LDH) activity in the supernalant. For inhibition of 
cryptic activity phenylmethylsulfonylfluoride (PMSF) was used 
(Sigma, Miinchen, Germany). 
tumor cells we have examined the trvosin-mediated m-o- 
In order to further study the relationship between 
tight junction formation and intercellular adhesion of 
cesses in suspensions of single tumor cells after their 
detachment frotn culture dishes. In such a system both 
aggregation and tight junction formation can be follow- 
ed. Rapid tight junction formation and aggregation of 
suspended tumor cells was observed after very low dose 
trypsin treatment (0.15 pg/ml). 
2.3. Freeze+facruring 
Correspondence address: W. Ke~nmnei, lnstitut fiir Biochemie 11, Im 
Neuenheimer Feld 328, W-G900 Heidelberg, Germany, 
Cells were pelleted by centrifugation and fixed with 2.5% 
glutaraldehyde for at least 3 h. The fixed material was infiltrated with 
a graded series of glycerol in PBS (final concentration 30% v/v), 
mounted on specimen disks and frozen in liquid propane. Specimens 
were processed in a Ralzers BAF 300 freeze-etch unit. Fracturing was 
carried out at -I 1OtYC followed by etching for 30 s prior to 
platinum/carbon shadowing. Replicas were cleaned with chromic 
acid acd examined with a Philips 301 electron microscope operated at 
80 kV, Tight junctions were quantified as described [?I. Briefly, 
plasma membranes with and without tight junctions were counted in 
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f. RESULTS 
a~~~e~ci~~~~ Of sriqxtrdecl PITa9 cdb 
Ccllr; were lrarvesrert IS dcrseribcd and treated with 
O.Ol-Q,2S ~0 rrypsin for 36 min at 37V, As depicted in 
Fiy. 1 even at a ronccntration sf &I pg/ml, which car- 
responds re, about 4 nM, trypsin induced hsmstypie ntg- 
gregation of suspended MT29 cells (Fig 2n,b). Viability 
af cells was not impaired as determined by Trypan blue 
exclusion (data not reported) and by measuring LBH- 
activity in the medium (Table I). Aggregation started 
rapidly after addition of trygsin. Almdy after 5 min in- 
cubation with 0, IS ~8 trypain/ml cells showed aggrcgn- 
tion (number of experiments: II = 4; aggregation fne- 
(or: AF = 166 f 24) compared IO untreated cells (n 
= 4, AF = 11.5 f 0,3). TrypsinGnduccd aggregation 
was inhibited by adding 1 mM PMSF (n = 3, AF a 
12.1 f 0,3). 
3.2. Very /OW close trypsin tFeatmcnt induced rigfrr 
jrrnclion forrt~arion of suspended NT29 cells 
Cells were trcatcd as above and incubated with 0.15 
fig trypsin in 1 ml PBS for 30 min at 37V. Counting the 
number of formed tight junctions on freeze-fractured 
membrane segments howed that 6,Wo of the native 
cells, but 88.S% of trypsin-treated ceils carried the 
typical components of tight junctions (Fig. 3). 
Trypsin-induced aggregation of 
human adenocarcinoma t-IT29 cells 
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Fie. 1. Aggregation of human adenocarcinoma MT29 cells after 
treatment with several trypsin concentrations for 30 min at 37°C (0) 
or for I II at room temperature (x) (each point represents means of 
5 experiments; vertical bars show SD). 
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Pig, 2. (a) Light microscopy of aygreye~cs of HT29 cells after 
trcatmcnt wilh 0,lS 11s Irypsin/ml for 30 min nt 37%. (b) ConWol 
without cnxymc trcatmcnt , 
3.3. In the presence of Ca2’ ions trypsin-induced 
hotnotypic qgprcgation of HT29 cells is reduced 
Harvested cells were treated with 0.15 pg trypsin for 
30 min at 37“C. Co-incubation of HT29 cells with 
CaCl2 in concentrations above 1 mM reduced trypsin- 
induced aggregation (Table II), As expected, similar 
Table 1 
Determination of cell viability by measuring lactate dehydrogenase 
(LDW) activity, 
rnU LDW IOh cells (Q) - 
Cells after IS s sonification 1233 1 60 100 
Untreated cells 110 * IS 8,3 
Trypsin-treated cells 118 2 22 I),0 
Trypsin-treated cells, I mM CaClr 252 ” 18 19.1 
Trypsin.treated cells, 2 mM CaClz 373 -c 33 33,6 
I U LDH in I ml PBS containing 
0. I.5 bg protein 950 f IOl/ml 
Aii values are means of 3 experiments. 
Cells (I,5 x IO”) were treated with 0.15 ~6 trypsin for 30 min at 37°C. 
Aggregated cells were pelleted by ccntrifugation aad LDH-activity 
was determined in the supernatant according to standard procedures 
[l9]. Low LDH-activity in the supernatant is taken as a measure for 
high viability. 
concentrations of CaClz are without any effect on the 
caseinolytic activity of trypsin (data not shown). Cell 
viability was measured by determination of LDH- 
activity in the supernatanc of treated cells (Table I), 
Assuming that all cells are destroyed by sonication for 
15 s, LDM-activity measured in the supernatnnr of 
sonicated cells was set equivalent o 100% dead cells. 
Trypsin-treatment decreased viability only sligh:ly 
(91 cllo viable cells; Table I, second column) compared to 
untreated cells (91.7%) but viability was reduced to 
72% after incubation with 2 mM CaC12. 
4. DISCLJSSION 
The presented ata show that a brief and very low 
dose treatment of HT29 colon carcinoma cells in 
suspension induced strong aggregation and the forma- 
tion of tight junctions. In general, tight junctions are 
thought to act primarily as an occluding barrier in 
epithelial cell layers established after adhesion between 
cells has taken place [lo]. In MDCK-cells tight junction 
formation was found to be a secondary event which 
follows CaZ’” -dependent adhesion mediated by the 
cadherin uvomorulin [ 11,12]. From work on adherent, 
confluent I-IT29 monolayers it is known that already 5 
min after trypsin treatment (I mg/ml) tight junction 
formation has started [2] and that this process is not 
Ca* ’ -dependent [4]. Our presented ata on HT29 ceils 
in suspension show that a 5 min incubation with 0.15 hg 
trypsin is sufficient o induce aggregation. This process 
depends on the catalytic activity of trypsin, because it 
was inhibited by addition of 1 mM PMSF. Calcium was 
not necessary. Moreover, incubation with 2 mM CaCl2 
led to reduced aggregation, but also to reduced viability 
of the cells. It has been found that Ca2+ is able to pro. 
tect cadherins from proteolytic degradation [ 133. 
Whether Ca2* protects any proteins with adhesive 
potential from proteolytic activation (by trypsin or by 
trypsin-activated surface-bound proteases) or whether 
the reduced viability of the cells interferes with aggrega- 
tion remains to be elucidated. 
Table II 
Incubation with C~CIZ reduces aggregation of HT29 cells after 
treatment with 0.15 fig trypsin/ml for 30 min, 37°C 
- - 
Aggregation factor 
c011trcl1 79.8 zt 7 
CaCl2 0.5 mM Y4A + 14 
1 mM 69.0 h 13 
2mM 44.1 Lk 11 
Means of 7 experiments. 
In summary, the data show that Ca*‘-dependent 
adhesive proteins like the cadherins are not involved in 
trypsin-induced tight junction formation as in the case 
of MDCK-cells and that aggregation and tight junction 
formation are processes which occur simultaneously. 
The results obtained so far do not exclude the possibili- 
ty that trypsin acts by inducing aggregation of suspend- 
ed I-IT29 ceils which then would give rise to tight junc- 
tion formation. In this case, mild aggregation but no 
tight junction formation would be expected uring the 
very first minms, followed by a masxivf2 incrcaac in 
tight: .hwrion foriWm and t-ight Junceion pravukcd 
~~~r~~~t~~n. However, the early start of tight junction 
formerinn nuggerta that ufigregatian is not a prerc= 
quiaitc for tight junction formrrtilJn but rather a conJc= 
quence of this proeets. 
Very low dose trypsin-induced ~~~r~~~ti~n could be 
of phyaioloyicrrl relevance, e.g. with regard IO the for- 
mation of tumor rne~t~%. An impartnnr arep in 
metasta.ria of tumor cells is their dissemination in lym- 
pharie nnd blood vessels. It has been speculated that in- 
terecllulnr adhesion of tumor cells facilitntcs their at* 
tnchmcnr to target organs [14,15], Normally, serum 
contains a number of proreasc inhibitors which sup- 
press the action of cndogcnous aerine prorcasea like 
trypsin. However, it has been found (161 that in ERIICCI 
patients with distant metastascs 70% of the serum-e 
protcinnsc inhibitor is inactivated, which is responsible 
for 90% of the Serum trypsin-inhibitory capacity. 
The molecular structure of tight junctions is still 
under invcsrigation, although two of its clclments have 
been charnctcrizcd - the ZQ-1 protein [171 and cingulin 
[la]. The results presented may establish the aggregn- 
tion assay as a rapid tool to search for new drugs or an- 
tibodies interacting with tight junction formation, This 
may help in elucidating structure and function of the 
zonula occludcns. 
nckne,~,/er/~rrrre,rc: WC wish IO thank Pd. R. kxsnicr for hctpfut 
and inspiring diswssions, M. Horn and M. Schmitt for csccllcn~ 
whnicat assismncc, nntl rhc Dcuwhc Krcbshilfc far support. 
46 
171 I-1717. 
Updykc, T,V. and Nicotson, G,L, (1986) Clin, Esp. Mcrrr~. 4, 
273-214. 
Nicalron, G b. (1988) Cancer McfiW. Rev. 7, 143-168. 
Chnwla, R.J., Reurch, B-J., Miller, F.W., Voglcr, W,R, nnd 
L.i\\+*ron, K3.H. (1984) Cancer Rrs, 44, 2718-2732. 
S~cvcnson, B.R,, Silicinno, J.D., Muorckcr, MS nnd 
Qootlcnough, D.A. (1986) J. Cctl Viol. 103, 755-766. 
Cili, S., Sb~ny, H,, Jakcs, R., Ciciycr, II. and Kenttrick-Jones, 
J. (1988) Nnlurc 333, 272-275. 
Vaxsnulr, A. (1983) Methods of Enzymuis Analysis, vol III 
(Rcrgmcycr, H.U. cd), pp, IIH-126. 
